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Abstract 

The no-reflow phenomenon refers to inadequate perfusion of a part of the myocardium located downstream of an 
epicardial artery. It affects 5 to 30% of patients who have undergone reperfusion via angioplasty. Since this 
phenomenon significantly limits the benefits of reperfusion and is a poor prognostic factor, several studies have focused 
on analyzing the various pathophysiological mechanisms, which remain a current topic of interest. Its diagnosis relies 
on a combination of clinical findings, electrocardiogram, coronary flow after angioplasty, and cardiac imaging using MRI. 
Although medical treatment may improve prognosis, prevention remains the most effective therapeutic approach. 
Our study reports the experience of our department through 10 clinical cases of no-reflow during primary coronary 
angioplasty in the context of acute coronary syndrome with ST-segment elevation, along with a literature review. 

Objective of study: The objective of this study is to review the pathophysiology, predictive factors, and diagnostic and 
therapeutic approaches to the no-reflow phenomenon, by presenting ten clinical cases illustrating this phenomenon in 
the context of ST-elevation myocardial infarction 

Material and methods: This retrospective study, conducted from June 2021 to March 2023 at the Military Hospital of 
Rabat, included STEMI patients who underwent primary angioplasty and developed the no-reflow phenomenon. 
Criteria for inclusion included significant flow reduction, failure to reperfuse, high thrombotic burden, persistent ST 
elevation, and lack of LV function improvement. Ten patients met the criteria after reviewing medical records. 

Conclusion: No-reflow is common during the acute phase of myocardial infarction and is an important marker of 
mortality. Despite the reopening of the culprit artery, distal microcirculation is often impaired. Its pathogenesis is 
complex and multifactorial. At-risk patients can be identified through simple clinical and angiographic criteria, such as 
age, delayed recanalization, low TIMI flow, high thrombotic burden, and long lesions. No single therapy is sufficiently 
effective, and a combined approach involving multiple strategies and addressing risk factors is necessary. Several 
treatment options are currently under investigation. 

Keywords: No reflow; Primary angioplasty; Acute coronary syndrome with ST-segment elevation (STEMI); Coronary 
flow 

1. Introduction:

The reference technique in the management of acute coronary syndrome with ST-segment elevation is mechanical 
reperfusion of the occluded coronary artery through urgent primary angioplasty. [1] Although the success rate of this 
standard technique is approximately 95%, the no-reflow phenomenon limits its benefit and serves as an independent 
predictive factor for heart failure, rehospitalization, recurrence of acute coronary syndrome, and even death. [2, 3] Early 
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diagnosis of no-reflow is therefore crucial, as it enables the implementation of preventive strategies—particularly the 
use of quadritherapy (aspirin, clopidogrel, heparin, and glycoprotein IIb/IIIa inhibitors)—which have been shown to 
reduce its incidence and improve clinical outcomes. Preventing its occurrence after angioplasty requires a thorough 
understanding of its mechanisms and pathophysiology, which have recently been the subject of several research studies. 
In this context, we review the pathophysiology, predictive factors, and diagnostic and therapeutic approaches to no-
reflow in relation to ten patients admitted to the cardiology department at the Mohamed V Military Hospital in Rabat. 

2. Materials and methods 

This is a retrospective study conducted over a period of 21 months, from June 2021 to March 2023, in the intensive care 
units of the cardiology center at the Military Hospital of Rabat. We included patients who were admitted for acute 
coronary syndrome with ST-segment elevation (STEMI) and underwent primary angioplasty with suspected no-reflow 
post-angioplasty. The patients included in the study exhibited criteria during follow-up indicating the no-reflow 
phenomenon, including significant flow reduction, failure to reperfuse the affected artery, high thrombotic burden, deep 
and wide Q waves in the infarct territory, persistent ST-segment elevation, and lack of improvement in left ventricular 
(LV) function. We excluded patients who were admitted outside the revascularization time window or who had a 
successful primary angioplasty, defined as the disappearance of pain, regression of the ST segment, normal flow in the 
culprit artery, and improvement in LV function. Data collection, conducted through an exhaustive search of medical 
records, identified 10 patients who met these criteria. 

3. Results 

Upon admission, all patients underwent a complete clinical examination, an 18-lead electrocardiogram, and 
echocardiography, and were urgently transferred to the catheterization lab for primary angioplasty. Following 
angioplasty, monitoring included a follow-up ECG and assessment of ventricular function.   

 

Figure 1 Electrocardiogram of Patient No. 1, before and after angioplasty 

 

Figure 2 Coronary angiography images taken at 6 hours post-procedure of Patient No. 1 

3.1. Predictive factors of no reflow 

As the predictive factors for no reflow include age, sex, diabetes, smoking, reperfusion delay, culprit artery diameter, 
lesion location, and TIMI flow prior to angioplasty, we summarize the parameters of our patients in FIGURE 3. 
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Table 1 Predictive factors recorded in the patients 

Patient 1 2 3 4 5 6 7 8 9 10 

Age (years) 70 84 57 69 37 68 63 40 52 76 

Sex M M M M M F M M M M 

Diabetes + + - + - + - - - - 

Smoking + + + - + + - + + - 

Dyslipidemia - - - - - - + - + - 

Reperfusion delay H6 H6 H4 H15 H4 H5 H6 H5 H6 H6 

Lesion location RCA RCA Cx LAD LAD LAD RCA LAD RCA LAD 

TIMI flow before 
angioplasty 

TIMI 
1 

TIMI 
0 

TIMI 
0 

TIMI 
0 

TIMI 
0 

TIMI 
0 

TIMI 
0 

TIMI 
1 

TIMI 
0 

TIMI 
0 

Although the average age of our patients is 61.1 years, ischemic heart disease also affects young individuals with its 
specific characteristics. We observed two young patients in our series, aged 37 and 40 years. 

The average age of patients in our study is 61.1 years, with 2 young patients aged 37 and 40 years, showing a clear male 
predominance, with 90% of patients being male. The occurrence of this phenomenon in young patients is closely 
associated with heavy smoking and sometimes a family history of coronary artery disease. This is the case in our study, 
where the common denominator between these two patients is smoking. Regarding the topography of myocardial 
infarction in young patients, both of these patients had single-vessel disease involving the left anterior descending 
artery (LAD). 

Smoking is the predominant cardiovascular risk factor, with 5 smokers in our series. Based on our study, we can 
establish a correlation between no-reflow and smoking, while also emphasizing the young age of these patients (median 
age of 59 years). In our series, we observe a male predominance, with 9 men and only one woman. 

Diabetes is known to be an important predictive factor for mortality in coronary patients. In our study, due to the limited 
number of cases, we were unable to establish a statistically significant correlation between no-reflow and diabetes, as 
only 3 out of 10 patients were diabetic. 

One of the major issues related to the no-reflow phenomenon is reperfusion time. The longer the reperfusion delay, the 
less likely TIMI III flow is to be restored, due to the thrombus becoming firmer.  

Our study demonstrates a link between delayed revascularization and the risk of no-reflow, as all patients presented to 
the hospital more than 240 minutes after the presumed onset of pain. Regarding the location of coronary obstruction, 
it is interesting to note that none of the locations can predict future myocardial perfusion. Indeed, an infarction caused 
by obstruction of a proximal trunk is not significantly correlated with the presence of no-reflow. However, involvement 
of the left anterior descending artery at its proximal and mid-portions clearly appears in our series as an important 
predictive factor for poor myocardial reperfusion. In our study, 2 patients were admitted with TIMI 1 flow, and 8 
patients with TIMI 0 flow in the culprit artery before primary coronary angioplasty. Preoperative TIMI flow appears to 
be an independent risk factor for the no-reflow phenomenon in elderly patients with STEMI.  

Table 2 Calculation of the risk of no-reflow in our patients over 60 years of age, according to the nomo gram by Li Yang 
et al 

Patient 1 2 4 6 7 10 

Preoperative TIMI flow TIMI 1 

(28) 

TIMI 0 

(28) 

TIMI 0 

(28) 

TIMI 0 

(28) 

TIMI 0 

(28) 

TIMI 0 

(28) 

Target lesion diameter < 3,5 mm 

(0) 

< 3,5 mm 

(0) 

< 3,5 mm 

(0) 

< 3,5 mm 

(0) 

< 3,5 mm 

(0) 

≥ 3,5mm 

(34) 
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Collateral circulation Grade 0 

(76) 

Grade 0 

(76) 

Grade 0 

(76) 

Grade 0 

(76) 

Grade 0 

(76) 

Grade 0 

(76) 

Pulse pressure (mmHg) 103 

(17) 

23 

(83) 

53 

(58) 

33 

(75) 

70 

(42) 

54 

(58) 

Number of leads with ST elevation 6 

(66) 

4 

(44) 

5 

(55) 

3 

(33) 

6 

(66) 

3 

(33) 

Total score 187 231 217 212 212 229 

Risk 0,3 0,5 0,4 0,4 0,4 0,5 

Our 6 patients over 60 years of age have a risk within the predicted no-reflow threshold (ranging from 0 to 0.55), based 
on preoperative TIMI flow, culprit lesion diameter, collateral circulation, pulse pressure, and the number of leads with 
ST-segment elevation. 

3.2. Therapeutic management 

In our study, balloon angioplasty alone, which is now only used in certain cases (such as very distal lesions in tortuous 
or calcified vessels, diffuse lesions in small vessels requiring long and multiple stenting, dilation of a daughter branch, 
or high thrombotic burden), was performed in 6 patients in our series. It was implemented not only as a therapeutic 
technique but also as part of a non-pharmacological prevention strategy aimed at preventing no-reflow. 

It was performed in Patient No. 1 due to the presence of a thrombotic-appearing lesion in the mid-coronary artery and 
a significant stenosis in the same artery in its middle segment. In Patients No. 2, No. 4, and No. 6, balloon angioplasty 
was indicated and preceded by thromboaspiration due to the high thrombotic burden. 

In Patient No. 7, balloon dilation was indicated since coronary angiography showed three lesions in the right coronary 
artery in the proximal, mid, and distal segments. In Patient No. 9, balloon angioplasty was indicated due to the high 
thrombotic burden, with coronary angiography revealing a lesion in the mid-right coronary artery and acute occlusion 
in its distal segment with a thrombotic appearance. The placement of a drug-eluting stent was excluded in this case as 
surgery had been scheduled, which presented a hemorrhagic risk. 

The other patients in the series underwent placement of a drug-eluting stent during angioplasty. The choice of stent 
was based on the following criteria: 

• Lesions greater than 15mm 
• Vessel diameter less than 3 mm 
• Presence of diabetes and/or chronic renal insufficiency 
• In-stent restenosis 
• Total coronary occlusion 

The diagnosis of no-reflow was made based on: 

• Slowed flow (TIMI 2 in 7 patients and TIMI 1 in 3 patients) 
• Intraluminal thrombus in the culprit artery, indicating a high thrombotic burden in 8 patients 
• Persistent ST-segment elevation during follow-up in 7 patients 
• No improvement in left ventricular (LV) function after revascularization in 5 patients. 

In parallel with revascularization, our patients were treated with tirofiban as an antiplatelet agent, at a dosage of 0.4 
micrograms/kg/min for 30 minutes, followed by a continuous infusion at 0.1 micrograms/kg/min for 48 hours. 
Tirofiban was administered simultaneously with unfractionated heparin, typically as an intravenous bolus of 50-60 
IU/kg, followed by approximately 1000 IU to ensure better inhibition of platelet function during the critical initial phase 
of tirofiban treatment.  

In our study, it is worth noting that there was a trend toward an increase in myocardial perfusion on angiography, with 
a difference in TIMI flow. This regimen ensured better inhibition of platelet aggregation, as observed based on the 
results, in 7 patients with TIMI 2 flow. In the remaining 3 patients, TIMI 1 flow was achieved. Tirofiban had a positive 
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effect on ST-segment resolution, with ST-segment resolution observed in 6 patients, indirectly suggesting an 
improvement in microvascular perfusion. 

4. Discussion 

No reflow has a prevalence ranging from 5% to 30%, depending on the evaluation method and the population studied. 
It is observed in 10% of cases of primary coronary angioplasty and in less than 2% in the context of NSTEMI or during 
elective angioplasty. It is defined as inadequate perfusion of a portion of the myocardium located downstream from a 
segment of an epicardial coronary artery, which does not exhibit a patent mechanical obstruction. [4] 

4.1. Classification of No Reflow 

Two types of no reflow are distinguished: 

• No reflow after elective angioplasty: This type is unpredictable and occurs suddenly, presenting clinically as 
acute ischemia with chest pain and electrical changes. It is associated with a high rate of myocardial infarction 
and mortality. [5] 

• No reflow after primary angioplasty in STEMI: Present in 30% of patients who have undergone primary 
angioplasty. It is confined to the irreversibly damaged necrotic area and may be exacerbated during reperfusion. 
Clinically, it can manifest as persistent chest pain with no resolution of ST-segment elevation on the ECG. It is an 
independent predictor of adverse clinical outcomes after an ACS and is associated with increased mortality. [6] 

4.2. Pathophysiology 

Microvascular obstruction is the underlying pathophysiological mechanism of no reflow. Microvascular obstruction and 
no reflow, after reperfusion of an occluded coronary artery, are explained by the combined action of at least four factors: 

• Myocardial ischemia: A vascular injury process responsible for prolonged ischemia leads to cellular 
dysfunction in the myocardium, which may progress to cell death. The damage is initially reversible but becomes 
irreversible and affects not only the endothelial cells, whose protrusions obstruct the microcirculation, but also 
vascular cells [7]. Necrosis of endothelial cells results in extravasation and impaired nitric oxide production, 
which in turn affects endothelium-dependent vasodilation [7,8]. This aspect of microcirculation likely plays a 
major role in the onset of no reflow. 

• Distal embolization: The embolization of atherosclerotic plaque thrombotic fragments occurs spontaneously 
or during primary coronary angioplasty, following guidewire passage, lesion preparation, and stent 
implantation. It is visible angiographically in 11 to 17% of STEMI cases treated with primary angioplasty [9,10], 
though its actual incidence is higher [11]. Distal embolization is more frequent in large-volume plaques and 
those with greater thrombus at the lesion site [12,13,14]. Additionally, thrombi rich in erythrocytes, high blood 
glucose levels at admission, a larger culprit vessel, balloon pre-dilation, and involvement of the right coronary 
artery have been identified as independently associated with a higher risk of distal embolization during the 
procedure [10,15]. 

• Since these microthrombi preferentially embolize into well-reperfused, viable myocardium, they lead to necrosis 
of potentially salvageable myocardial tissue [16]. This phenomenon contributes to no reflow through both 
mechanical obstruction and an increase in vasoconstrictive tone at the arteriolar level and within the 
microcirculation [17,18,19]. 

• Reperfusion injury: Reperfusion of ischemic tissues is often associated with microvascular dysfunction, 
characterized by impaired endothelium-dependent dilation and leukocyte recruitment [20,21]. This imbalance 
leads to the production and release of inflammatory mediators (TNF-α, IL-1β, ET-1, and selectins), which appear 
to play an important role in no reflow [22,23]. 

• Individual susceptibility: There is likely individual variability, as for the same duration of ischemia, not all 
patients have the same infarct size or prognosis. These differences are not well understood, but collateral 
circulation and recent pre-infarction angina may play a role. Diabetes and hypercholesterolemia are detrimental 
to the occurrence of no reflow, as it is more frequent in patients admitted with hyperglycemia, and 
hypercholesterolemia exacerbates reperfusion injury by increasing endothelial oxidative stress [24,25,26]. 

4.3. Predictive Factors of No Reflow 

The phenomenon of no reflow has a multifactorial pathogenesis. The contributing factors include age, sex, diabetes, 
smoking, and revascularization delay, the diameter of the culprit artery, lesion location, and TIMI flow before 
angioplasty. 
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In the meta-analysis by Gupta [27], an age of 60 years or older was correlated with the presence of no reflow. In the 
series by M. Chettibi [28], patients with poor myocardial reperfusion were older, with an average age of 59 years 
(p=0.08). Advanced age is widely recognized as a risk factor for no reflow [29], with the mechanism likely related to 
microvascular dysfunction and arterial stiffness associated with aging [30,31]. 

Male sex is also considered one of the predictive factors for no reflow, as demonstrated in studies by Rezkalla SH et al. 
[32], and Omar F Tawfi et al. [33], where male sex predominated, accounting for 73.2%. There are several potential 
differences between male and female arteries that could explain this [33]. While limited information exists regarding 
differences in coronary microcirculation, vascular function differences seem to be influenced by estrogen levels, which 
have a vasodilatory effect [34]. 

Primary angioplasty has shown better outcomes compared to fibrinolysis in terms of mortality. However, these two 
techniques yield nearly the same results in diabetic patients, who have less complete ST-segment resolution than non-
diabetic patients after stent placement. Several explanations can account for this: endothelial dysfunction [36], coronary 
reserve abnormalities [37], and certain microvascular and myocardial structural abnormalities [38,39]. Elevated free 
fatty acid levels during hyperglycemia reduce vascular motility, and hyperglycemia promotes leukocyte accumulation 
in the myocardial microcirculation and increases the procoagulant properties of platelets [40,41]. 

In our study, we found a correlation between no reflow and smoking, which is supported by the study conducted by 
Arel et al., where a strong relationship was proven. These results await further confirmation in larger primary 
angioplasty databases [42], as some studies have shown that in STEMI patients undergoing primary angioplasty, active 
smoking is associated with better myocardial reperfusion than non-smokers [43,44] 

One of the parameters associated with the no reflow phenomenon is reperfusion time, as delayed reperfusion can lead 
to an older and more organized intracoronary thrombus, increasing the risk of distal embolization during primary 
angioplasty and reducing the likelihood of achieving TIMI 3 flow after the procedure [45,46,47]. However, the use of a 
distal protection device in this case can improve myocardial reperfusion by mitigating the adverse effects of the 
organized thrombus [48]. 

Regarding the location of coronary obstruction, it is interesting to note that no specific location can predict future 
myocardial perfusion. Indeed, an infarction due to proximal LAD obstruction, or more generally a proximal trunk 
obstruction, is not significantly correlated with the presence of no reflow. However, involvement of the proximal and 
mid anterior interventricular artery appears clearly in our series as a predictive factor for poor myocardial reperfusion. 
Several studies, notably those by De Luca et al. [49] and Zhou et al. [50], have revealed that preoperative TIMI blood 
flow is an independent risk factor for the no reflow phenomenon in elderly STEMI patients. 

Other factors that predict no reflow include the diameter of the culprit lesion, the extent of collateral circulation, pulse 
pressure, and the number of lead II ST-segment elevations. These factors, along with TIMI flow before angioplasty, were 
used by Li Yang et al. to develop a nomogram that predicts the occurrence of no reflow in elderly patients [51]. 

Table 3 Predictive Factors for the No-Reflow Phenomenon 

Predictive Factor Category Description 

Age ≥ 65 years Patient-
related 

Older age is associated with more extensive microvascular 
dysfunction and a higher risk of no-reflow. 

Diabetes mellitus Patient-
related 

Chronic hyperglycemia promotes microvascular injury, 
inflammation, and endothelial dysfunction. 

Hypertension Patient-
related 

Long-standing hypertension leads to small-vessel remodeling and 
impaired vasodilatory reserve. 

Hyperlipidemia Patient-
related 

Elevated LDL and triglycerides contribute to endothelial dysfunction 
and increased plaque instability. 

Smoking Patient-
related 

Tobacco use induces vasoconstriction, inflammation, and 
prothrombotic state, worsening microcirculation. 

High platelet count / 
elevated CRP 

Laboratory Markers of inflammation and platelet activation correlate with 
microvascular obstruction risk. 



International Journal of Science and Research Archive, 2025, 16(03), 857-870 

863 

Killip class ≥ II at 
presentation 

Clinical Signs of heart failure on admission (e.g., pulmonary rales, S3 gallop) 
indicate larger infarct and microvascular damage. 

High thrombus burden Angiographic Large intracoronary thrombus increases risk of distal embolization 
and microvascular plugging. 

Pre-PCI TIMI flow ≤ 1 Angiographic Poor or absent antegrade flow before intervention signifies 
extensive distal bed compromise. 

Multivessel coronary artery 
disease 

Angiographic Presence of additional significant stenoses reduces collateral flow 
and increases no-reflow likelihood. 

Delayed symptom-to-
balloon time (> 4 h) 

Procedural Longer ischemic duration leads to more irreversible microvascular 
injury before reperfusion. 

Use of high-pressure balloon 
inflation 

Procedural Aggressive dilation can dislodge plaque debris, causing 
microembolization and capillary obstruction. 

 

 

Figure 3 Nomogram to assess the risk of no-reflow after coronary angioplasty in elderly STEMI patients. Adapted 
from Li Yang et al. [51] 

4.4. Diagnosis 

The clinical presentation of no-reflow is often characterized by persistent or even worsening pain after reperfusion of 
the epicardial artery. In severe cases, the clinical presentation may include ventricular arrhythmias or cardiogenic 
shock, indicating a poor prognosis for no-reflow. In addition to these clinical signs, electrocardiographic changes such 
as persistent ST-segment elevation or new Q waves can suggest inadequate myocardial reperfusion despite successful 
opening of the epicardial vessel. These early clinical and ECG findings provide valuable clues for the early detection of 
no-reflow before confirmation by imaging. 

4.4.1. Invasive evaluation by angiography: 

The TIMI score is used for the semi-quantitative assessment of the progression of the contrast agent in the epicardial 
segments of the coronary arteries [52]. It tends to overestimate the impact of revascularization since coronary 
angiography only provides a rough approach to the coronary microcirculation: only 5% of the myocardial bed is 
opacified by this method. It lacks both sensitivity and specificity for evaluating no-reflow [53]. 
The TIMI Frame Count score: This was developed for the semi-quantitative evaluation of myocardial reperfusion using 
coronary angiography [54,55]. It is a reproducible method with low inter- and intra-observer variability and an 
excellent correlation with 30-day mortality. 
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Myocardial Blush Grade (MBG): This method measures myocardial reperfusion by quantifying contrast uptake in 
myocardial tissue (long angiographic sequences extending to the venous phase) [56]. This method shares the same 
limitations as the classic TIMI scale [57]. 

Experts from the GRCI (Group for Reflection on Interventional Cardiology) suggest that microvascular obstruction 
indicating no-reflow on angiography is present if the TIMI flow is less than 3 and/or the MBG score is 0 or 1 [58]. 

4.4.2.  Non-invasive evaluation 

Non-invasive evaluation primarily relies on cardiac MRI, which provides direct assessment of myocardial perfusion and 
microcirculation [59]. Two distinct approaches are used to diagnose microvascular obstruction using cardiac MRI: 
First-pass perfusion: No-reflow is defined by a delayed myocardial contrast uptake during the first 3 minutes after 
gadolinium injection, resulting in a hypointense subendocardial zone on early-phase acquisitions [60]. 
Late gadolinium enhancement: The no-reflow zone is defined as a hypo-intense area located within the middle of the 
myocardial infarction on delayed enhancement sequences performed at 3 minutes (late contrast enhancement) or 10 
minutes (late contrast enhancement) after iodinated contrast injection, with the hypointense image "sandwiched" 
between the hyperintense necrotic zone [61]. In addition to being a sensitive and non-invasive test, MRI has the 
advantage of being able to be performed after some time has passed since the myocardial infarction. No-reflow is a 
progressive and dynamic phenomenon that may extend up to 48 hours post-myocardial infarction and stabilize after 
one month. Therefore, it is recommended to wait at least 2 days before performing cardiac MRI after coronary occlusion 
to avoid underestimating the extension of no-reflow [62,63]. 

 

Figure 4 No-reflow phenomenon on cardiac MRI: first-pass perfusion and late gadolinium enhancement [60] 

4.5. Therapeutic Approaches:  

The management of no-reflow begins with its prevention through predictive factors. Several studies have shown that 
reducing reperfusion delay, optimal blood glucose control prior to the procedure, and the use of statins before the 
intervention are associated with a significant reduction in no-reflow. [64, 65, 66, 67] The use of active dual antiplatelet 
therapy, as well as early anticoagulation with unfractionated heparin during the procedure, can help prevent the risk of 
no-reflow. 
Early recognition of no-reflow is particularly important not only to guide acute management but also to prevent adverse 
outcomes such as left ventricular (LV) remodeling and heart failure. A prompt diagnosis—based on clinical signs, ECG 
changes, or angiographic findings—enables the early initiation of an intensified preventive strategy. In this context, the 
use of quadritherapy (aspirin, clopidogrel, unfractionated heparin, and glycoprotein IIb/IIIa inhibitors) has shown 
potential in minimizing microvascular obstruction and improving myocardial salvage, thereby reducing the extent of 
infarct-related injury and mitigating LV remodeling. 

General best practices in angioplasty are essential: the use of intracoronary nitrates at the beginning of the procedure, 
optimal catheter selection, and regular catheter flushing. [68] Balloon angioplasty has beneficial effects by expanding 
the weakest part of the coronary artery wall. To prevent microembolization of debris during atherectomy, medical 
treatment should include effective dual antiplatelet therapy, vasodilators, and appropriate medication use. The benefit 
of antiplatelet therapy has been established with the use of anti-GPIIb/IIIa agents, which reduce procedural morbidity 
and CK-MB elevation. [69, 70] 

Preventive vasodilators are used to reduce slow flows, combining nitrates with calcium channel blockers and sometimes 
adenosine in the rinse solution with heparin. [71] 

Stent placement (guided by imaging) and avoiding high-pressure dilation should be considered, when possible, in 
STEMI patients at risk for no-reflow. [72] 
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When no-reflow is suspected, other causes of vascular occlusion, such as dissection, thrombus migration, and 
vasospasm, should be ruled out through imaging. Once vessel patency is confirmed, vasodilators should be administered 
generously, therapeutic activated clotting time (ACT) should be ensured, and hemodynamic support should be provided 
if necessary (e.g., Impella, balloon counterpulsation). 

Management includes both pharmacological and non-pharmacological measures. The table below summarizes the main 
medications used in the management of no-reflow. [73] 

Mechanical treatment relies on post-conditioning through repeated inflations of an angioplasty balloon upstream of the 
culprit lesion immediately after reperfusion, which significantly reduces the extent of no-reflow. Thrombectomy prior 
to coronary angioplasty is also associated with improved clinical outcomes in patients with STEMI. 

Table 4 Main Medications and Doses for the Treatment of No-Reflow. Adapted from Annibali et al. [74] 

Medication Dosage Dilution (concentration) Side Effects 

Adenosine Intravenous: 70 µg/kg/min  

Intracoronary: 100-200 µg bolus 

2 mg diluted in 4 mL of 
normal saline → 0.5 mg/mL 

Bradycardia, 
hypotension, chest 
pain, dyspnea 

Sodium 
nitroprusside 

Intracoronary: 60-100 µg bolus 50 mg diluted in 250 mL of 
normal saline → 200 µg/mL 

Bradycardia and 
hypotension 

Verapamil Intracoronary: 100-500 µg bolus (max: 
1 mg) 

5 mg diluted in 10 mL of 
normal saline → 0.5 mg/mL 

Bradycardie, bloc 
cardiaque transitoire 

Diltiazem Intracoronary: 400 µg bolus (max: 5 
mg) 

5 mg diluted in 10 mL of 
normal saline → 0.5 mg/mL 

Bradycardia, 
hypotension 

Nicardipine Intracoronary: 200 µg bolus (max: 1 
mg) 

2.5 mg diluted in 10 mL of 
normal saline → 0.25 
mg/mL 

Bradycardia, 
hypotension 

Epinephrine Intracoronary: 80-100 µg bolus 1 mg diluted in 10 mL of 
normal saline → 0.1 mg/mL 

Malignant 
arrhythmias 

Nicorandil 500 µg (max : 5 mg) 2 mg diluted in 10 mL of 
normal saline → 0.2 mg/mL 

Malignant 
arrhythmias 

Streptokinase 250 kU over 3 min 250,000 U diluted in 50 mL 
of normal saline → 5,000 
U/mL 

Bleeding 

Tenecteplase 5 mg (max : 25 mg) 50 mg diluted in 10 mL of 
normal saline → 5 mg/mL 

Bleeding 

Tissue 
plasminogen 
activator (tPA) 

0,025 – 0,5 mg/kg/h 10 mg diluted in 10 mL of 
normal saline → 1 mg/mL 

Bleeding 

Abciximab 0.25 mg/kg bolus, then 0.125 
µg/kg/min (max 10 µg/min) infusion 
for 12 hours 

10 mg diluted in 10 mL of 
normal saline → 1 mg/mL 

Bleeding 

Eptifibatide 180 µg/kg bolus, then 180 µg/kg bolus 
10 minutes later, followed by 2 
µg/kg/min infusion until 18 hours  

If CrCl < 50 ml/min: reduce infusion by 
50% 

20 mg diluted in 10 mL of 
normal saline → 2 mg/mL 

Bleeding 

Tirofiban 25 µg/kg over 3 minutes, then 0.15 
µg/kg/min infusion until 18 hours  

If CrCl < 30 ml/min: reduce infusion by 
50% 

25 mg diluted in 250 mL of 
normal saline → 0.1 mg/mL 

Bleeding 
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5. Conclusion 

In conclusion, no reflow is a common phenomenon during the acute phase of myocardial infarction and represents an 
important marker of mortality. Despite the reopening of the culprit artery, distal microcirculation damage is frequent. 
Its pathogenesis is complex and multifactorial. In light of our study, patients likely to develop this phenomenon after 
primary coronary angioplasty can be predicted based on simple clinical and angiographic characteristics. In particular, 
elderly patients, delayed reperfusion times, low TIMI flow, and/or high thrombotic burden on initial angiography, as 
well as patients with long target lesions, are at increased risk of developing no reflow. Due to this complex pathogenesis, 
no single therapy is sufficiently effective. However, an approach combining multiple strategies and targeting risk factors 
should be implemented. Currently, there are no specific recommendations for therapeutic management, but numerous 
avenues are under investigation, both in the acute phase in the catheterization laboratory and from a pharmacological 
perspective. 

Compliance with ethical standards 

Disclosure of conflict of interest 

No conflict of interest declared. 

Statement of ethical approval 

In accordance with COPE guidelines. 

Statement of informed consent 

The authors confirm that written consent for the submission and publication of this case, including the images, was 
obtained from the patient, in accordance with the guidelines of the Committee on Publication Ethics (COPE). 

Availability of Data and Materials 

Data sharing is not applicable to this article, as no datasets were generated or analyzed during this study. 

References 

[1] Bouleti C., Mewton N., and Germain S.: The no-reflow phenomenon [object Object] : State of the art. Arch 
Cardiovasc Dis 2015; 108: pp. 661-674 

[2] Gibson C.M., and Schömig A.: Coronary and myocardial angiography [object Object] : angiographic assessment of 
both epicardial and myocardial perfusion. Circulation 2004; 109: pp. 3096-3105 

[3] Cochet A.A., Lorgis L., Lalande A., et al: Major prognostic impact of persistent microvascular obstruction as 
assessed by contrast-enhanced cardiac magnetic resonance in reperfused acute myocardial infarction. Eur Radiol 
2009; 19: pp. 2117- 2126 

[4] Morishima I., Sone T., Mokuno S., et al: Clinical significance of no-reflow phenomenon observed on angiography 
after successful treatment of acute myocardial infarction with percutaneous transluminal coronary angioplasty. 
Am Heart J 1995; 130: pp. 239-243 

[5] Abbo KM, Dooris M, Glazier S et al. Featuresand outcome of no-reflow after percutaneouscoronary intervention. 
Am. J. Cardiol. 75, 778-782 (1995). 

[6] Morishima I, Sone T, Okumura K et al. Angiographic no-reflow phenomenon as apredictor of adverse long-term 
outcome in patients treated with percutaneous transluminal coronary angioplasty for first acute myocardial 
infarction. J. Am. Coll 

[7] J. Tranum-Jensen, M.J. Janse, W.T. Fiolet, W.J. Krieger, C.N. D'Alnoncourt, D. Durrer Tissue osmolality, cell swelling, 
and reperfusion in acute regional myocardial ischemia in the isolated porcine heart Circ Res, 49 (1981), pp. 364-
381 View in ScopusGoogle Scholar 

[8] A. Durante, P.G. Camici Novel insights into an "old" phenomenon: the no reflowint J Cardiol, 187 (2015), pp. 273-
280 



International Journal of Science and Research Archive, 2025, 16(03), 857-870 

867 

[9] Lonborg, J.; Kelbaek, H.; Helqvist, S.; Holmvang, L.; Jorgensen, E.; Saunamaki, K.; Klovgaard, L.; Kaltoft, A.; Botker, 
H.E.; Lassen, J.F.; et al. The impact of distal embolization and distal protection on long-term outcome in patients 
with ST elevation myocardial infarction randomized to primary percutaneous coronary intervention--results 
from a randomized study. Eur. Heart J. Acute Cardiovasc. Care 2015, 4, 180-188. 

[10] Yameogo, N.V.; Guenancia, C.; Porot, G.; Stamboul, K.; Richard, C.; Gudjoncik, A.; Hamblin, J.; Buffet, P.; Lorgis, L.; 
Cottin, Y. Predictors of angiographically visible distal embolization in STEMI. Herz 2020, 45, 288-292. 

[11] Stone, G.W.; Webb, J.; Cox, D.A.; Brodie, B.R.; Qureshi, M.; Kalynych, A.; Turco, M.; Schultheiss, H.P.; Dulas, D.; 
Rutherford, B.D.; et al. Distal microcirculatory protection during percutaneous coronary intervention in acute ST-
segment elevation myocardial infarction: A randomized controlled trial. JAMA 2005, 293, 1063-1072. 123) 

[12] Kawaguchi, R.; Oshima, S.; Jingu, M.; Tsurugaya, H.; Toyama, T.; Hoshizaki, H.; Taniguchi, K. Usefulness of virtual 
histology intravascular ultrasound to predict distal embolization for ST-segment elevation myocardial infarction. 
J. Am. Coll. 1261 Cardiol. 2007, 50, 1641-1646. 

[13] Napodano, M.; Ramondo, A.; Tarantini, G.; Peluso, D.; Compagno, S.; Fraccaro, C.; Frigo, A.C.; Razzolini, R.; Iliceto, 
S. Predictors and time-related impact of distal embolization during primary angioplasty. Eur. Heart J. 2009, 30, 
305-313.] 

[14] Fokkema, M.L.; Vlaar, P.J.; Svilaas, T.; Vogelzang, M.; Amo, D.; Diercks, G.F.; Suurmeijer, A.J.; Zijlstra, F. Incidence 
and clinical consequences of distal embolization on the coronary angiogram after percutaneous coronary 
intervention for ST-elevation myocardial infarction. Eur. Heart J. 2009, 30, 908-915. 

[15] Yunoki, K.; Naruko, T.; Inoue, T.; Sugioka, K.; Inaba, M.; Iwasa, Y.; Komatsu, R.; Itoh, A.; Haze, K.; Yoshiyama, M.; et 
al. Relationship of thrombus characteristics to the incidence of angiographically visible distal embolization in 
patients with STsegment elevation myocardial infarction treated with thrombus aspiration. JACC Cardiovasc. 
Interv. 2013, 6, 377-385 

[16] Falk, E.; Thuesen, L. Pathology of coronary microembolisation and no reflow. Heart 2003, 89, 983-985. 

[17] Kleinbongard, P.; Heusch, G. A fresh look at coronary microembolization. Nat. Rev. Cardiol. 2022, 19, 265 280. 

[18] Kleinbongard, P.; Bose, D.; Baars, T.; Mohlenkamp, S.; Konorza, T.; Schoner, S.; Elter-Schulz, M.; Eggebrecht, H.; 
Degen, H.; Haude, M.; et al. Vasoconstrictor potential of coronary aspirate from patients undergoing stenting of 
saphenous vein aortocoronary bypass grafts and its pharmacological attenuation. Circ. Res. 2011, 108, 344-352. 

[19] Herring, N.; Tapoulal, N.; Kalla, M.; Ye, X.; Borysova, L.; Lee, R.; Dall'Armellina, E.; Stanley, C.; Ascione, R.; Lu, C.J.; 
et al. Neuropeptide-Y causes coronary microvascular constriction and is associated with reduced ejection 
fraction following STelevation myocardial infarction. Eur. Heart J. 2019, 40, 1920-1929. 

[20] Carden DL, Granger DN. Pathophysiology of ischemia-reperfusion injury. J. Pathol. 190, 255-266 (2000). 

[21] Ito BR, Schmid-Schönbein G, Engler RL. Effects of leukocyte activation on myocardial vascular resistance. Blood 
Cells 16, 145-163,1990). 

[22] Lefer AM, Tsao PS, Aoki N et al. Mediationof cardioprotection by transforming growth factor-b. Science 
249(4964), 61-64 (1990). 

[23] Chamoun F, Burne M, O'Donnell M, Rabb H. Pathophysiologic role of selectins and their ligands in ischemia 
reperfusion injury. Front. Biosci. 5, E103-E109 (2000). 

[24] Collet JP, Montalescot G. The acute reperfusion management of STEMI in patients with impaired glucose tolerance 
and Type 2 diabetes. Diabetes Vasc. Dis. Res. 2, 136-143 (2005). 

[25] Iwakura K, Ito H, Ikushima M et al. Association between hyperglycemia and the no-reflow phenomenon in 
patients with acute myocardial infarction. J. Am. Coll.Cardiol. 41, 1-7 (2003). 

[26] Golino P, Maroko PR, Carew TE. The effect of acute hypercholesterolemia on myocardial infarct size and the no-
reflow phenomenon during coronary occlusionreperfusion. Circulation 75, 292-298 (1987). 

[27] Gupta, S. and Gupta, M.M. (2016) No Reflow Phenomenon in Percutaneous Coronary Interventions in ST-Segment 
Elevation Myocardial Infarction. Indian Heart Journal, 68, 539-551. 
https://doi.org/10.1016/jihj.2016.04.000(140] 

[28] Chettibi, M., Benghezel, S., Bertal, S., Nedjar, R., Bouraghda, M. A., & Bouafia, M. T. C. (2015). No reflow: quels 
facteurs prédictifs? Annales de Cardiologie et d'Angéiologie, 64(6), 472-480. doi:10.1016/j.ancard.2015.09.059 

https://doi.org/10.1016/jihj.2016.04.000(140


International Journal of Science and Research Archive, 2025, 16(03), 857-870 

868 

[29] Jousilahti, P., Vartiainen, E., Tuomilehto, J. and Puska, P. (1999) Sex, Age, Cardi-ovascular Risk Factors, and 
Coronary Heart Disease: A Prospective Folow-Up Study of 14786 Middle-Aged Men and Woman in Finland. 
Circulation, 99, 1165-1172.https://doi.org/10.1161/01.CIR.99.9.1165 

[30] Gupta, S. and Gupta, M.M. (2016) No Reflow Phenomenon in Percutaneous Coronary Interventions in ST-Segment 
Elevation Myocardial Infarction. Indian Heart Journal, 68, 539-551. 
https://doi.org/10.1016/jihj.2016.04.000(140] 

[31] Celermajer, D.S., Sorensen, K.E., Spiegelhalter, D.J., Georgakopoulos, D., Robinson, J. and Deanfield, J.E. (1994) 
Aging Is Associated with Endothelial Dysfunction in Healthy Men Years before the Age-Related Decline in Women. 
JACC: Journal of the American College of Cardiology, 24, 471-476. https://doi.org/10.1016/0735-
1097(94)90305-0 

[32] Rezkalla SH, Dharmashankar KC, Abdalrahman IB, Kloner RA. No-reflow phenomenon following percutaneous 
coronary intervention for acute myocardial infarction: incidence, outcome, and effect of pharmacologic therapy. 
J Interv Cardiol. 2010 Oct;23(5):429-36. doi: 10.1111/j.1540-8183.2010.00561.x. Epub 2010 Aug 31. PMID: 
20819117. 

[33] Omar F Tawfik*, Mosbah T Hassanin, Mohy Eldin Aboelfetoh El-Deeb and Mohamed Emara Department of 
Cardiology, Faculty of Medicine, Zagazig University, Zagazig, Egypt Admission hyperglycemia and the no- reflow 
phenomenon in patients with acute myocardial infarction. Interventional Cardiology (2020) Volume 12, Issue 2 

[34] Chen CH, Ting CT, Lin SJ, et al. Which arterial and cardiac parameters best predict left ventricular mass?. 
Circulation 1998;98:422-428. 

[35] Timmer JRVDHI, De Luca G, Ottervanger JP, et al. Comparison of myocar- dial perfusion after successful primary 
percutaneous coronary intervention in patients with st-elevation myocardial infarction versus without diabetes 
mellitus. Am J Cardiol2005;95:1375-7. 

[36] Williams SB, Cusco JA, Roddy MA, Johnstone MT, Creager MA. Impaired nitric oxide-mediated vasodilation in 
noninsulin-dependent diabetes. J Am Coll Cardiol 1996;27:567-74. 

[37] Yokoyama I, Momomura S-I, Ohtake T, et al. Reduced myocardial reserve in noninsulin-dependent diabetes 
mellitus. J Am Coll Cardiol 1997;30:1472-7. 

[38] Kawaguchi M, Techigawara M, Ishihata T, et al. A comparison of ultra- structural changes on endomyocardial 
biopsy specimens obtained from patients with diabetes meilitus with and without hypertension. Heart Ves- sels 
1997;12:267-74. 

[39] Ishihara M, Inoue I, Kawage T, et al. Diabetes mellitus prevents ische- mic preconditioning in patients with a first 
acute anterior wall myocardial infarction. J Am Coll Cardiol 2001;38:1007-11. 

[40] Lind L, Fugmann A, Branth S, et al. The impairment in endothelial function induced by non-esterified fatty acids 
can be reversed by insulin. Clin Sci (Lond) 2000;99:169-74. 

[41] Hokama JY, Ritter LS, Davis-Gorman G, Cimetta AD, Copeland JG, Mc-Donagh PF. Diabetes enhances leukocyte 
accumulation in the coronary microcirculation early in reperfusion following ischemia. J Diabetes Complications 
2000;14:96-107 

[42] Arbel 7, Rind E, Banai S, et al. Prevalence and predictors of slow flow in angiographically normal coronary 
arteries. Clin Hemorheol Microcirc 2012;52:5-14. 

[43] Hong YJ, Jeong MH, Choi YH, et al. Impact of plaque components on no-reflow phenomenon after stent 
deployment in patients with acute coronary syndrome: a virtual histology-intravascular ultrasound analysis. Eur 
Heart J 2011;32:2059-2066. 

[44] Shemirani H, Taft FD, Amirpour A. Comparison of no-reflow phenomenon after percutaneous coronary 
intervention for acute myocardial infarction between smokers and nonsmokers. J Res Med Sei 2014;19:1068-
1073. 

[45] Kloner RA, Rude RE, Carlson N, Maroko PR, DeBoer WV, Braunwald E.Ultrastructural evidence of microvascular 
damage and myocardial cell injury after coronary artery occlusion. Circulation 1980; 62: 945 - 952. 

[46] Hearse DJ, Bolli R. Reperfusion induced injury: Manifestations, mechanisms, and clinical relevance. Cardiovasc 
Res 1992; 26: 101 - 108 

https://doi.org/10.1016/jihj.2016.04.000(140
https://doi.org/10.1016/0735-1097(94)90305-0
https://doi.org/10.1016/0735-1097(94)90305-0


International Journal of Science and Research Archive, 2025, 16(03), 857-870 

869 

[47] Nagata Y, Usuda K, Uchiyama A, Miwa A, Mitamura Y, Ookura S, et al. Pathological analysis of intracoronary 
thrombus (thrombectomy catheter samples) in acute myocardial infarction. Kokyu to Jyunkan 2002; 50: 315 - 
320. 

[48] Umeda H, Katoh T, Iwase M, Izawa H, Nagata K, Watanabe K, et al. The distal protection during primary 
percutaneous coronary intervention alleviates the adverse effects of large thrombus burden on myocardial 
reperfusion. Circ J 2006; 70: 232 – 

[49] De Luca G, Ernst N, Zijlstra F, van't Hof AW, Hoorntje JC, Dambrink JH, et al. Preprocedural TIMI flow and mortality 
in patients with acute myocardial infarction treated by primary angioplasty. J Am Coll Cardiol 2004; 43: 1363 - 
1367. 

[50] Zhou H, He XY, Zhuang SW et al. Prédicteurs cliniques et procéduraux de non-reflux chez les patients présentant 
un infarctus aigu du myocarde après une intervention coronarienne percutanée primaire. Monde J Emerg Med 
2014;5:96-102. 

[51] Yang L, Cong H, Lu Y, Chen X, Liu Y. A nomogram for predicting the risk of no-reflow after primary percutaneous 
coronary intervention in elderly patients with ST-segment elevation myocardial infarction. Ann Transl Med 
2021;9(2):126. doi: 10.21037/atm-20-8003 

[52] TIMI Study Group: The Thrombolysis in Myocardial Infarction (TIMI) trial. Phase I findings. N Engl J Med 1985; 
312: pp. 932-936 

[53] Amit G., Cafri C., Yaroslavtsev S., et al: Intracoronary nitroprusside for the prevention of the no-reflow 
phenomenon after primary percutaneous coronary intervention in acute myocardial infarction. A randomized, 
double-blind, placebo-controlled clinical trial. Am Heart J 2006; 152: pp. e9-14 

[54] Ito H., Tomooka T., Sakai N., et al: Lack of myocardial perfusion immediately after successful thrombolysis. A 
predictor of poor recovery of left ventricular function in anterior myocardial infarction. Circulation 1992; 85: pp. 
1699-1705 

[55] Gibson C.M., Murphy S.A., Rizzo M.J., et al: Relationship between TIMI frame count and clinical outcomes after 
thrombolytic administration. Thrombolysis In Myocardial Infarction (TIMI Study Group. Circulation 1999; 99: 
pp. 1945-1950 

[56] Poli A., Fetiveau R., Vandoni P., et al: Integrated analysis of myocardial blush and ST-segment elevation recovery 
after successful primary angioplasty [object Object] : Real-time grading of microvascular reperfusion and 
prediction of early and late recovery of left ventricular function. Circulation. 2002; 106: pp. 313-318 

[57] Vicente J., Mewton N., Croisille P., et al: Comparison of the angiographic myocardial blush grade with delayed-
enhanced cardiac magnetic resonance for the assessment of microvascular obstruction in acute myocardial 
infarctions. Catheter Cardiovas Interv 2009; 74: pp. 1000-1007 

[58] Nijveldt R., Hofman M.B.M., Hirsch A., et al: Assessment of microvascular obstruction and prediction of short-
term remodeling after acute myocardial infarction [object Object] : cardiac MR imaging study. Radiology 2009; 
250: pp. 363-370 

[59] Flavian A., Carta F., Thuny F., et al: Cardiac MRI in the diagnosis of complications of myocardial infarction. Diagn 
Interv Imaging 2012; 93: pp. 578-585 

[60] Wu K.C., Zerhouni E.A., Judd R.M., et al: Prognostic significance of microvascular obstruction by magnetic 
resonance imaging in patients with acute myocardial infarction. Circulation 1998; 97: pp. 765-772 

[61] Bouleti C., Mewton N., and Germain S.: The no-reflow phenomenon [object Object] : State of the art. Arch 
Cardiovasc Dis 2015; 108: pp. 661-674 

[62] Bogaert J., Kalantzi M., Rademakers F.E., Dymarkowski S., and Janssens S.: Determinants and impact of 
microvascular obstruction in successfully reperfused ST-segment elevation myocardial infarction. Assessment 
by magnetic resonance imaging.Eur Radiol 2007; 17: pp. 2572-2580 

[63] Rochitte C.E., Lima J.A., Bluemke D.A., et al: Magnitude and time course of microvascular obstruction and tissue 
injury after acute myocardial infarction.Circulation 1998; 98: pp. 1006 

[64] Malmberg K, Ryden L, Efendic S, et al. Randomized trial of insulin-glucose infusion followed by subcutaneous 
insulin treatment in diabetic patients with acute myocardial infarction (DIGAMI study): effects on mortality at 1 
year. J Am Coll Cardiol. 1995;26:57 65. 



International Journal of Science and Research Archive, 2025, 16(03), 857-870 

870 

[65] Iwakura K, Ito H, Ikushima M, et al. Association between hyperglycemia and the no-reflow phenomenon in 
patients with acute myocardial infarction. J Am Coll Cardiol. 2003;41:1-7. 

[66] Pantsios C, Kapelios C, Vakrou S, et al. Effect of elevated reperfusion pressure on "no reflow area and infarct size 
in a porcine model of ischemia-reperfusion. J Cardiovasc Pharmacol Ther. 2016;21:405-11. 

[67] Li XD, Yang YJ, Hao YC, et al. Effect of pre-procedural statin therapy on myocardial no-reflow following 
percutaneous coronary intervention: a meta analysis. Chin Med J.2013;126:1755-60. 

[68] Adgey AA. An overview of the results of clinical trials with glycoprotein IIb/Ia inhibitors. Eur Heart J. 
1998;19(Suppl D): D10 21. 

[69] Reisman M, Shuman BJ, Harms V. Analysis of heat generation during rotational atherectomy using different 
operational techniques. Cathet Cardiovase Diagn.1998;44:453-5. 

[70] Kini A, Reich D, Marmur JD, Mitre CA, Sharma SK. Reduction in periprocedural enzyme elevation by abciximab 
after rotational atherectomy of type B2 lesions: results of the Rota RePro randomized trial. Am Heart J. 
2001;142:965-9. 

[71] Fischell TA, Maheshwari A. Current applications for nicardipine in invasive and interventional cardiology. J 
Invasive Cardiol. 2004;16:428-32. 

[72] Manzen et al. Cathet Cardiovasc interv, Nov 2021 

[73] Vlaar P.J., Svilaas T., van der Horst I.C., et al: Cardiac death and reinfarction after 1 year in the Thrombus 
Aspiration during Percutaneous coronary intervention in Acute myocardial infarction Study (TAPAS) [object 
Object] : a 1-year follow-up study.Lancet 2008; 371: pp. 1915-1920 

[74] Annibali G, Scrocca I, Aranzulla TC, Meliga E, Maiellaro F, Musumeci G. "No-Reflow" Phenomenon: A 
Contemporary Review. J Clin Med. 2022 Apr 16;11(8):2233. doi: 10.3390/jcm11082233. PMID: 35456326; 
PMCID:РМС9028464. 


